The post-failure analysis demonstrates that CO2 treated samples disintegrate on smaller 27 particles than non-saturated specimens, as up to 5.6 more CO2 saturated coal pieces passed 28 through the sieves considered in this study than non-saturated pieces. It is claimed that this 29 study presents novel insights into the geomechanical response of high rank anthracitic coals to 30 high pressure CO2 injection. 
Introduction

37
Geological sequestration in unmined coal seams offers a prospect of delivering greenhouse gas 38 emissions reductions and at the same time offsetting the costs of CO2 capture, transportation 39 and storage as the injection of CO2 in the coal beds allows the production of a value-added 40 product such as methane (White et al., 2005) . In general, numerous studies have shown that 41 coal can hold at least twice the volume of CO2 as CH4 (Jones et al., 2004; White et al., 2005) .
42
However, coals are a mixture of inorganic minerals and organic material that may be affected 43 during the gas injection and adsorption process (Karacan, 2007; Gathitu et al., 2009 ). Hence, 44 understanding the response of coal under applied stress and storage conditions is of importance 45 for the integrity and safety of the coal seams targeted for CO2 sequestration and the overlaying 46 strata. This paper aims to enhance such understanding by presenting the experimental 47 investigation of the effects of sub-critical and supercritical carbon dioxide saturation on high-48 rank coal failure and elastic deformation under uniaxial compressive stress conditions.
49
The most favourable coal seams for sequestration are occurring at depths where pressure and 50 temperature may exceed the critical values of CO2, i.e. 750 m (White et al., 2005) . At such 51 depths, high rank coals offer a great prospect of storing CO2 as the maximum sorption capacity 52 generally increases with coal rank (Li et al., 2011; Busch and Gensterblum, 2010) . This is 53 related to the fact that high rank coals predominantly contain micropores which provide most 54 of the surface area where gas can adsorb (White et al., 2005) .
55
To date, most research efforts were focused in investigating the geomechanical behaviour of 56 lignite and bituminous coals predominantly exposed to CO2 in the sub-critical state (Viete and Coal cores were drilled out of the coal blocks using a coring machine. Water was used as a 96 cooling agent while drilling. Diamond core drilling bit with an internal diameter of 36 mm was 97 used to obtain the coal cores from the Black Diamond and 9ft seam blocks (Fig. 2) . Preparation Table 1 109 together with the measured values of mass and density for each core. The average densities of 110 both BD and AB samples are the same, i.e. 1376 kg/m 3 .
111
Crushed samples passed through a sieve size of 0.212 mm were used for the Proximate and
112
Ultimate analyses, and the results are presented in 
227
The relationship between the average elastic modulus of non-saturated samples and CO2-228 saturated samples used to calculate the reductions presented in Table 4 is:
where ∆ is the reduction in elastic modulus, (GPa) and 2 (GPa) are the elastic 230 moduli of natural (non-saturated) and CO2-saturated specimens, respectively.
231
Similarly, reduction in unconfined compressive strength (∆ ) is expressed as: It can be seen from Table 4 that the average elastic moduli of non-saturated BD and AB 239 specimens are 1.59 GPa and 1.13 GPa, respectively. BD specimens saturated with CO2 at 2.1 It has been previously suggested that coal samples subjected to sorbing gas are weakened 284 through reduction of effective stress and the internal gas energy release (Wang et al., 2013) . strengths. Therefore, it can be inferred that the maximum alteration of the coal structure due to 311 CO2 adsorption was achieved at 4.3 MPa and that increasing the saturation pressure from 312 subcritical CO2 to its supercritical state had negligible impact on further reduction of strength.
313
As previously mentioned, the results are contrary to the findings suggested in the literature that parameters. Since the change in measured parameters is caused by gas sorption, such change 325 can be mathematically related to gas pressure (Masoudian et al., 2014) .
326
Following the approach that the elastic modulus reduction is most commonly modelled using Similarly, ∆ can be written as (Masoudian et al., 2014) :
where ∆ is the maximum reduction in strength (Langmuir parameter) and is the
332
Langmuir pressure (MPa) of unconfined compressive strength reduction.
333
The fitting of the Langmuir curve to the experimental data was conducted using the sum of the 334 squared differences with a target function which was minimized with respect to the Langmuir 335 parameters using the Excel solver function. To visualize the effect of CO2 saturation on failure mechanism of the coals considered in this 359 study, photographs were taken before and after the failure of both natural and CO2 saturated Non-saturated coal samples failed predominantly through axial splitting where a number of 375 axial cracks propagated along the entire length of the specimens (Fig. 11) . Such splitting 376 occurred with rapid and unstable crack initiation and propagation, common for brittle materials, 377 outbursting the samples into pieces.
378
Samples saturated with CO2 at 2.1 MPa showed similar behaviour to those of non-saturated 379 samples (Fig. 12) . However, a set of non-longitudinal fractures was also visible, especially on 380 the AB sample. Predominant shear failure occurred in samples saturated at 4.3 MPa of CO2 381 (Fig. 13) . In addition, a set of axial fractures was visible for both samples suggesting that the 382 overall failure could be a combination of fracture propagation in axial and non-axial directions.
383
For coals saturated in supercritical CO2, i.e. at 8.5 MPa, multiple shear fractures orientated in 384 different directions occurred with negligible material outburst during failure (Fig. 14) . coal. This is in accordance with the strength parameter reduction (Fig. 7) where it is shown that 
Discussion and Conclusions
444
The main aim of this study was to investigate the influence of sub-and supercritical CO2 445 sorption on elastic deformation and failure of unconfined coal specimens subject to axial load. The results also show that samples of both coals experience maximum reduction in elastic 
